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Abstract. There were investigated different varieties of soybean, with or without genetic modifications. The 
samples have been processed using different extraction and hydrolysis procedures, and then the most efficient 
method was selected. For the HPLC analysis we optimized firstly the separation using two standards, daidzein 
and genistein (tR=24.5 min and tR=30.2 min, respectively). By comparison with literature data and the standard 
mixture values, we were able to identify three isoflavone as aglycones in the samples, these molecules being 
daidzein, glycitein and genistein. It was possible by this method to realize a fingerprint of Romanian soybeans 
through isoflavone pattern, as a helpful methodology to make a qualitative and quantitative determination of 




Soy (Glycine max), which belongs to plants of Fabaceae family, is unique vegetable rich in 
many bioactive molecules including them as concentrated source of isoflavones (1-3mg/g).  
Phytoestrogens, the nonsteroidal isoflavones, present in soybeans, are a group of the 
flavonoids, manifesting many health benefits. The basic structural feature of flavonoid 
compounds is the flavone nucleus, which is composed of 2 benzene rings (A and B) linked 
through a heterocyclic pyrane C ring. The position of the B ring discriminate flavonoid 
flavones (C2-position) from isoflavones (3-position). In soybeans, isoflavones are present in 
12 main forms which include genistin, daidzin, glicytin and their respective acetyl, malonyl 
and aglycon forms  (Fig. 1). 
The impact of dietary isoflavones, daidzein and genistein, upon the health of adults and 
infants is well known. Thus, there is an increasing interest for these compounds due to their 
biological effects including: estrogen-like activity, prevention of breast (Warri et al., 2008), 
prostate (Wang, 2002; Matsumura et al., 2008,) and colon (MacDonald et al., 2005) cancer,  
antioxidant activity (Sakthivelu et al., 2008; Malencić et al., 2007), prevention of menopausal 
symptoms and osteoporosis (Messina et al., 2007; Ma et al., 2008) , and  heart disease (Xiao, 
2008). 
Typically, isoflavones are extracted in aqueous methanol, ethanol or acetonitrile with and 
without of hydrochloric acid (Carrao-Panizzi et al., 2002). New techniques have been 
developed for the extraction of isoflavones, including ultrasound-assisted extraction 
(Rostagno et al., 2002), supercritical fluid extraction (Rostagno et al., 2003), solid phase 
extraction (Rostagno et al., 2005) and accelerated solvent extraction (Klejdus et al., 2004a; 
Klejdus et al., 2004 b) . The ultrasound-assisted extraction is the cheapest technique and has 
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the lowest instrumental requirements. Ultrasound also exerts a mechanical effect, allowing 
greater penetration of solvent into the sample matrix, increasing the contact surface area 





Isoflavones IUPAC name R1 R2 R3 R4 
Genistein 5,7,4’-Trihydroxyisoflavone OH H H H 
Genistin  Genistein-7-O-β-D-glucoside OH H Glu H 
Daidzein  7,4’-Dihydroxyisoflavone H H H H 
Daidzin Daidzein-7-O-β-D-glucoside H H Glu H 
Glycitein  7,4’- Dihydroxy-4’-methoxyisoflavone H OCH3 H H 
Glycitin  Glycitein-7-O-β-D-glucoside H OCH3 Glu H 
Note: Glu- glucose 
Fig. 1. Main isoflavones found in soybeans (in aglycon and glucoside form) 
 
The High Performance Liquid Chromatography (HPLC) is actually the powerful method 
for analyzing isoflavones and some protocols were developed (Nakamura et al., 2001; 
Rostagno et al., 2002).   
Using modern biotechnology, Monsanto Company has developed Roundup Ready soybean 
plants that confer tolerance to Roundup ( glyphosate) herbicide. The soy plant has an enzyme, 
EPSPS (5-enol-pyruvylshikimate-3-phosphate synthase) that is necessary for protein 
production. EPSP synthase is an essential element in the shikimate pathway, transferring the 
enolypyruvyl group of phosphoenolpyruvate to skimate –3-phosphate to form 5-enolpyruvyl-
3-shikimate phosphate and inorganic phosphate. The herbicidal activity of glyfosate is 
mediated by the inactivation of EPSPS, followed by the inability to produce the proteins 
needed for normal growth and plant death. Development of the Roundup Ready soybean 
required the identification of an EPSPS variant that was not affected by glyphosate. This was 
provided by the bacterium Agrobacterium sp. strain CP4. Genetic material was introduced 
into soy plants in the form of plasmids. The growing soy plants use the introduced CP4 
EPSPS genes to make the CP4 EPSPS proteins that confer glyphosate resistance (Yoshida, 
2000). Research data demonstrated that Roundup Ready soybeans and conventional soybeans 
are substantially equivalent in composition, safety and nutritional value (Taylor et al., 1999). 
Composition studies show that isoflavone levels are equivalent in Roundup Ready and 
conventional soybeans (Messina, 1999; Padgette et al., 1996). Meanwhile it was noticed that 
isoflavone levels may vary widely between different soybean varieties and in soybeans grown 
under different environmental condition (Choi et al., 1996; Potter et al., 1998).  
 The objective of our studies was the characterization of isoflavone pattern (using 
genistein, daidzein and glycitein as target compounds) of different Romanian varieties of 
soybean, with or without genetic modifications (glyphosate resistant)  using high-performance 
liquid chromatography (HPLC). 
 
MATERIAL AND METHODS 
 
Standards preparation. Pure genistein and daidzein was provided from SIGMA. Standard 
solutions were obtained by dissolving these izoflavone individually in HPLC-grade 
acetonitrile. 
Sample processing. Four Romanian varieties of soybeans, harvested in 2003, from two 











genetically modified- glyphosate resistant soybean from region I) and SNO and RRO (normal 
soybean and genetic modified-glyphosate resistant soybean from region II). 
After grinding, the soybean lipids were removed by extraction with 2 x 100 ml of n-
hexane at room temperature. Isoflavones were afterwards extracted with 80% MeOH solution 
containing 0.1% HCl. Shortly, 50 g grounded soybeans were mixed with 150 ml extraction 
solvent (80% MeOH in water with 0.1% HCl) and extraction lasted 60 minutes at room 
temperature in an ultrasonic bath. After extraction, the pulp was filtered on paper filter 
connected to vacuum and form the filtrate, the MeOH was removed result an aqueous extract. 
The remaining pulp was re-extracted for another 60 minutes, re-filtrated and concentrated as 
before. The two watery extracts were joined and hydrolyzed to free isoflavone aglycones. 
Hydrolysis of the extract was carried out by reflux with concentrated HCl at pH=0. The 
isoflavone aglycone forms were re-extracted with diethylether (50ml), 4-5 times. The 
diethylether extracts were joined and evaporated until dry and kept until analysis in 
refrigerator. 
HPLC Analysis.The HPLC device consisted on a Kontron pump 322 attached to a Waters 
990 PDA (Photo Diode Array) detector. The column used was Discovery C8, Supelco, HPLC 
Column (25cm x 4mm), 5µm. HPLC separations were made in gradient mode, the mobile 
phase are acetonitrile/ H2O /tricloracetic acid, 5/95/0.1(v/v/v), (solvent A) and acetonitrile/ 
H2O /tricloracetic acid, 95/5/0.1(v/v/v) (solvent B), linear gradient was applied: B: 0%– 30%( 
from min 0 to  min 30), 30%– 100% (from min 30 to  min 35), 100% – 0% ( from min 35 to 
min40).The flow rate was 1.5 ml/min. The monitoring wavelength used was 262 nm. 
Standards were individually injected and in the mixture. The identification of izoflavones in 
samples was made by comparisons of peaks retention times (tR) with standards tR as well as 
co-chromatography with standards. The UV-spectra were also registered for each peak to 
verify purity and to identify the molecules. 
 
RESULTS AND DISCUSSIONS 
 
Extraction of isoflavone aglycones. We compared a classical extraction (magnetic stirring  
24 h) and hydrolysis with ultrasound-assisted extraction of isoflavones. By HPLC we 
demonstrated that ultrasound methods gave higher yields of izoflavone aglycones in 80% 
MeOH. This results being in agree with recent studies on solvent extraction optimization for 
isoflavonoids (Lin et al., 2005; Rostagno et al., 2003). 
Qualitative  HPLC analysis of izoflavone aglycones. The HPLC pattern of standards 
separation and the retention times, absorption maxima are shown Table 1. 
Table 1 
HPLC parameters (tR and λ max) for izoflavone standards separated by HPLC-PDA. 




Standards of isoflavonoids  tR (min)  λ max. (nm) 
1  Daidzein  24.55  228   305 
3  Genistein  30.15  256  
 
HPLC-PDA, has been proof to be a very useful, fast and efficient technique for qualitative 
and quantitative determination of vegetal extracts. It has been also applied successfully in 
izoflavone quantification (Klejdus et al., 2005; Less et al., 2003; Wu et al., 2004). By HPLC 
analysis we made a fingerprint of soybean extracts thought content and amount of isoflavone 
aglycones. The major izoflavone aglycones type from Romanian soybean varieties (SNO, 
RRO, SNC and RRC described at material and methods) were daidzeina (1), glycitein (2), and 
 313 
genistein (3). The HPLC chromatograms were registered at 262 nm, as shown in Fig. 2. The 
HPLC characteristic of hydrolyzed soybean extracts (tR and λ max)  are presented in Table 2. 
 
Table 2 
HPLC characteristics ( tR) of hydrolyzed extracts of normal and genetically modified (GM) soybean and peaks 
identification according to their λ max (nm)  
Isoflavone tR (min.)  
λ max (nm)  
Normal soybean 
SNC                 SNO 
tR (min.) 
λ max (nm) 
GM soybean 
RRC              RRO 
Daidzein (1) 25.4                  24.6 
244.8  305       244.8     305 
25.35                  24.4 
256     305         250.4     305 
Glycitein (2) 26                        25.25 
228      317.6      256     317.6 
25.9                     25.05 
256      317.6       256      317.6 
Genistein (3) 31.2                      30.35 
256    321.8       256      321.8 
31.25                   30.25 
256      321.8       256      321.8 
 
Quantitative HPLC determination of isoflavone aglycones.  
HPLC Calibration curves for isoflavone standards  
The calibration curves were made individually for daidzein and genistein. Five or four 
solutions of isoflavonoid standard at different concentrations were injected individually in 
HPLC and the integration area of each peak was registered. The equation represents the 
calibration curve Y = A + BX, where: Y- HPLC peak area and X mg isoflavone in the loop. 
For daidzein in the range of 0.02-0.002 mg by linear regression from the calibration curve 
were calculated the parameters A=0.12491 and B=50.65847. At low concentration (0.01-
0.001 mg) A and B values were 0.06278 and 60.15438 respectively, and this calibration curve 
was used especially for glycitein quantification from HPLC chromatograms. Similarly, for 
genistein the calibration curve was determinated and by linear regression, the parameters A 
and B were calculated: A= 0.32974 and B= 41.40463 for concentration: 0.02-0.001 mg. 
Quantitative evaluation of isoflavones soybean extracts 
To test the reproducibility of isoflavone separation and identification methods and the 
amount of isoflavone from soybeans, all measurements were made in duplicate.  
Using the calibration curves and recovery calculation (64.075 %, data not shown) we made 
the quantitative evaluation for each isoflavone from hydrolyzed extracts of soybean. The 
results are shown in Table 3. Glycitein concentration was calculated using calibration curve 
for daidzein at lower concentrations as specified before. The obtained quantities are 
comparables with other studies on soy isoflavone reported in literature (Klejdus et al., 2005, 
Lee et al., 2003; Rostagno et al., 2003). 
The HPLC qualitative and/or quantitative evaluation of  isoflavone in Romanian varieties of 
soybean releaved: 
- Has been found important quantities of isoflavonoid aglicones in Romanian varieties 
of  soybean. Isoflavone content in soybean depends on the geographycal zone.  
- Isoflavonoid content from genetic modified soybean varieties is higher than in normal 
soybean varieties from Transylvanian (Romania) regions, with highest content of 
isoflavonoid in RRC (genetic modified soybean from zone I). 
- Isoflavonoid content in soybean from zone I (SNC and RRC) was higher than zone II 
(SNO and RRO). 
- The Daidzein: Glycitein: Genistein ratio (4.8:1:5.8; 1.2:1:2.1; 35.4:1:60.4; 2.2:1:3.7) 
revealed a higher accumulation of genistein against other isoflavone, especially in 




















Fig. 2. HPLC chromatograms of SNC and RRC hydrolyzed extracts (A and B) and of SNO and RRO hydrolyzed 
extract (C and D); for peaks identification see Table2. 
 
Table 3 
Isoflavone concentrations (mg/ 100 g soybean) considering the recovery rate from soybean hydrolyzed extracts 
Isoflavone amount 
 (mg/100 g sample) 
Normal soybean 
 
SNC (I)             SNO (II) 
GM soybean 
 
RRC (I)                  RRO(II) 
Daidzein (1) 
 
36. 65                  4.16 35.05                          12.27 
Glycitein (2) 
 
7.69                     3.52 0.99                             5.58 
Genistein (3) 44.29                   7.36 59.82                          20.63 
Ratio 
(Daidzein:Glycitein:Genistein) 





HPLC –PDA is one of the most performing technique for qualitative and quantitative 
analysis of soybean isoflavone. HPLC is useful for fingerprinting soybean hydrolyzed extracts, 
and can identify the biological and/or geographical authenticity of the samples. Quantitative 
differences were recorded between normal and genetic modified soybean as well between the 
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